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Description 

The present invention relates to thermal ink-jet 
printheads, more particularly to an improved procedure 
for making ink feed slots in a silicon substrate used in 
the construction of thermal ink-jet printheads. 

Background 

Thermal ink-jet printheads typically incorporate a 
plurality of electrical resistance elements on a common 
substrate for the purpose of heating ink in adjacent res- 
ervoirs in order to vaporize a component of the ink com- 
position. The vaporized component of the ink composi- 
tion imparts mechanical energy to a quantity of ink there- 
by propelling the ink through one or more orifices in an 
orifice plate of the ink-jet printhead toward a print medi- 
um in a predefined sequence to form alphanumeric 
characters and graphics thereon. 

In order to provide better print quality, many electri- 
cal resistance elements and orifices are provided on a 
single ink-jet printhead. As the number of electrical re- 
sistance elements and orifices on the printhead in- 
crease, so does the print quality. However, increasing 
the number of electrical resistance elements and orific- 
es on a single ink-jet printhead also increases the man- 
ufacturing difficulties associated with alignment toler- 
ances of photomasks which must be maintained during 
fabrication in order to etch the substrate in the desired 
manner. 

On a micro-scale, the ink-jet printhead must be pre- 
cisely manufactured so that the components of the print- 
head cooperate to achieve the desired function and give 
the desired print quality. Hence, alignment of the ink 
feed slots, electrical resistance elements and orifices is 
critical to the proper operation of the ink-jet print head. 
The ink feed slots provide ink from a reservoir to the 
electrical resistance elements during the printing proc- 
ess. Since the printheads are precise micro-structural 
devices, even minor deviations or manufacturing diffi- 
culties during production of the ink-jet printhead compo- 
nents may result in a loss of useable substrate material 
and thus a low product yield. 

One of the manufacturing techniques used for form- 
ing ink feed slots in a silicon substrate of a thermal ink- 
jet printhead is an anisotropic etching technique. In this 
process, a silicon wafer having parallel (100) crystallo- 
graphy planes is anisotropically etched to produce an 
elongated slot having a length ranging from about 3 to 
about 5 mm, a width ranging from about 0.5 to 2 mm 
and side walls which are at an angle of about 547° from 
the planar surface of the silicon wafer. Prior to comple- 
tion of the printhead, electrical resistance elements and 
electrodes are attached to one surface of the silicon sub- 
strate adjacent the ink feed slots. Manufacturing difficul- 
ties are often encountered when attempting to precisely 
position the feed slots and electrical resistance ele- 
ments relative to one another 
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U.S. Patent No. 5,387,314 to Baughman et al. dis- 
closes a method for making ink fill slots in a silicon sub- 
strate. The disclosed procedure includes a partial ani- 
sotropic etch from one surface of the silicon substrate 

s whereby the fill slots are etched only part way through 
the substrate. In a subsequent step, an isotropic etchant 
is used to complete the fill slots from the opposing sur- 
face of the substrate. According to Baughman etal., iso- 
tropically etching the silicon from the opposing surface 

10 of the substrate reduces the distance from the ink fill slot 
to the entrance of the ink feed channel. While the meth- 
od Baughman et al. may reduce the effect of alignment 
problems in the manufacture of ink fill slots relative to 
the electrical resistance elements, it requires that the fill 

is slots be extended to the firing chamber on the opposing 
surface of the substrate by use of a subsequent masking 
and isotropic etching step. Thus, the procedure requires 
a combination of etching procedures with multiple align- 
ment of photo-masks which may make the manufactur- 
ing of the ink-jet printheads more difficult, costly and 
subject to alignment errors. 

U.S. Patent No. 5,308,442 to Taub et al. relates to 
another method for making printhead structures for in- 
troducing ink into the firing chambers of the printhead. 
In this process, a fragile membrane layer having a thick- 
ness of about 1 to 2 microns of dielectric material covers 
an etched ink fill slot until the resistors are formed and 
then the membrane is removed. As with many other 
manufacturing processes, the substrate having a mem- 
brane covering the ink fill slot must be handled with ex- 
treme care in order to avoid puncturing the membrane 
before the resistors are formed on the surface of the 
substrate. At high production rates, the yield of product 
using this technique may be unacceptably low 

U.S. Patent No. 4,789,425 to Drake et al. relates to 
yet another method for fabricating thermal ink-jet print- 
heads. The method disclosed by Drake et al. requires 
the use of etched alignment holes for use in patterning 
the silicon substrate for the fill slot etching process and 
for locating the position of the electrical resistance ele- 
ments on the circuit side of the silicon substrate. 

In the disclosed procedure, Drake et al. first pat- 
terns then partially or completely anisotropically etches 
the alignment holes and partially etches the reservoir/ 
fill slots in the substrate. After partially etching the res- 
ervoir/fill slots, the resistance circuits are formed on the 
wafer. In another embodiment, Drake et al. completely 
etches the alignment holes through the substrate, the 
resistance circuits are formed then passivated, and the 
reservoir/fill slots are then patterned and etched in the 
substrate. 
Accordingly, Drake et al. require several critical aligning 
and patterning steps for locating the alignment holes, 
reservoir/fill slots and electrical resistance elements. 

Since alignment steps are often performed manu- 
ally, the use of multiple alignment steps adds to the labor 
costs, increases failure rate and slows down the produc- 
tion rate of the etched substrate parts. As the print speed 
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and print quality of the ink-jet printers is increased, the 
fabrication tolerances become even more critical mak- 
ing the use of multiple masking and etching steps even 
less reliable for locating the position of the reservoir/fill 
slots and electrical resistance elements. 

An object of the present invention is to provide an 
improved method for making ink feed slots for ink-jet 
printheads. 

Another object of the invention is to improve the fab- 
rication technique for forming ink feed slots for use in 
ink-jet printheads whereby the yield of acceptable prod- 
uct is increased. 

A still further object of the invention is to provide an 
improved method for increasing the accuracy of locating 
electrical resistance elements relative to the ink feed 
slots of an thermal ink-jet printhead. 

Another object of the invention is to reduce align- 
ment difficulties and process steps thereby decreasing 
the time and increasing the yield of useable substrates 
for thermal ink-jet printheads. 

Summary of the Invention 

With regard to the above and other objects, the 
present invention provides improved methods for mak- 
ing ink feed slots in a single crystal silicon wafer sub- 
strate having first and second surfaces with (100) or 
(110) crystallographic orientations. At least the second 
surface of the silicon wafer substrate contains a oxidized 
layer of Si02 and typically both surfaces of the substrate 
may contain an oxidized layer of Si02. Prior to etching 
the substrate, one or both surfaces of the substrate may 
be polished. In one preferred embodiment, only the sec- 
ond surface (device side) of the silicon substrate is pol- 
ished. 

The feed slots which are etched in the silicon wafer 
substrate provide fluid communication between an ink 
reservoir and one or more ink feed channels leading to 
electrical resistance elements on the second surface of 
the silicon wafer substrate. In an initial step of the fab- 
rication method, the first surface of the silicon wafer sub- 
strate and/or oxidized layer on the first surface is coated 
with a mask layer which may be formed from Si3N4> 

Si02, SiC or any other suitable masking material, pref- 
erably Si3N4, which is patterned and developed to de- 
fine locations on the first surface for the ink feed slots. 

Next, a portion of the mask layer and the oxidized 
layer if present, on the first surface of the silicon sub- 
strate is removed in the predefined pattern thereby de- 
fining the ink feed slot positions. Once the feed slot po- 
sitions have been defined, the silicon substrate is par- 
tially anisotropically etched where the mask layer has 
been removed so that no more than about 30 microns, 
preferably from about 5 to about 30 microns, and most 
preferably about 10 to about 20 microns of substrate re- 
main between the etched slot and the second surface 
of the substrate. 

Subsequent to partially etching the substrate, one 

or more layers, each of which may contain arrays of re- 
sistive material, conductive material, insulative material 
or a combination of resistive, conductive and insulative 
materials, are deposited and patterned on the second 

5 surface of the substrate using the partially etched feed 
slots for aligning and patterning the one or more layers. 
Alignment may be obtained using a white light from a 
standard mask aligner by illuminating the substrate from 
the first surface (back side) so that the feed slot locations 

10  may be seen from the device side. 
After depositing and patterning the one or more lay- 

ers of resistive, conductive and insulative materials on 
the second surface, one or more protective coatings of 
a passivation material selected from SiC, Si3N4, Si02 or 

is the like are deposited on the second surface to protect 
the layers during subsequent etching steps. The aniso- 
tropic etch of the feed slot is then completed up to the 
thermally oxidized layer on the second surface and the 
blanket protective coatings on the second surface are 

20 removed by wet or dry etching techniques. In order to 
complete the fluid flow path through the feed slot, any 
remaining protective coatings and oxidized layer over 
the feed slot on the second surface of the substrate are 
removed, preferably by air or water blast techniques. In 

25 the alternative, the blanket protective coating on the 
second surface may be removed after completing the 
fluid flow path through the feed slots. 

By only partially etching the feed slot so that from 
about 10 to about 20 microns of substrate remain, the 

30 entire second surface of the substrate remains structur- 
ally sound thereby reducing the incidence of puncture 
of the dielectric layer during the deposition and pattern- 
ing steps conducted on the second surface or other wa- 
fer processing steps prior to completing the ink feed slot. 

35 Furthermore, initial processing steps required for pat- 
terning and etching separate alignment holes are elim- 
inated thereby reducing fabrication time and the chanc- 
es for misalignment of the device side elements relative 
to the ink feed slots. 

40 in another embodiment, the invention provides a 
method for fabricating a topshooter type thermal ink-jet 
printhead for use in an ink-jet printing device. In the in- 
itial step of the process, a plurality of alignment holes 
are drilled through an oxidized silicon wafer substrate 

45 using a laser beam, each hole having an entry on a first 
surface of the substrate with a diameter of from about 5 
to about 100 microns, preferably about 50 microns, and 
an exit on a second surface of the substrate having a 
diameter of from about 5 to about 50 microns, preferably 

so  about 25 microns. 
One or more layers, each of which may contain ar- 

rays of resistive material, conductive material, insulative 
material or a combination of resistive, conductive and 
insulative materials, are deposited and patterned on the 

55 second oxidized surface of the substrate using the 
drilled alignment holes for alignment and patterning of 
the one or more layers. The conductive materials con- 
tain a plurality of electrodes formed from metal such as 
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Al or Cu for contacting and energizing the heating ele- 
ments. In order to protect the layers of resistive, con- 
ductive and insulative materials during the etching 
steps, these layers are passivated with one or more pas- 
sivation layers selected from Si02, Si3N4, SiC or other 
suitable passivation material. A tantalum layer is then 
deposited on the one or more passivation layers and the 
entire second surface is coated with a protective blanket 
layer or passivation layer to protect the devices against 
etchants used to etch the feed slots. The protective blan- 
ket layer may be selected from SiN, SiC, Si02 or any 
other suitable material known in the art. 

After depositing the protective blanket layer on the 
one or more passivation layers and tantalum layer on 
the second surface, a plurality of elongate marks are 
patterned in the oxidized layer on the first surface of the 
substrate using the alignment holes to define the posi- 
tion of the marks. The first surface is then anisotropically 
etched according to the pre-defined pattern of elongate 
marks thereby producing a plurality of elongate ink feed 
slots which terminate at the oxidized layer on the second 
surface of the substrate. After completing the feed slot 
etching process, the protective blanket layer and oxi- 
dized layer on the second surface may be removed by 
wet or dry etch techniques or other techniques known 
to those in the art. 

An advantage of this embodiment of the invention 
is the elimination of the patterning and etch steps re- 
quired for forming alignment holes in the silicon sub- 
strate. Furthermore, the laser drilled alignment holes 
may be more carefully controlled and sized as com- 
pared to etching techniques for the alignment holes. 
Since the alignment holes may be made more precisely, 
location of the resistive elements and ink feed slots rel- 
ative to the alignment holes is easier. As with the previ- 
ously described embodiment of the invention, an in- 
crease in yield of useable product is expected by use of 
this alternative fabrication procedure. 

In yet another preferred embodiment, a double-side 
polished silicon wafer substrate containing thermally ox- 
idized layers on a first and second surface thereof is 
coated on the first oxidized surface with a mask layer 
and is coated on the second oxidized surface with one 
or more resistive, conductive and insulative layers which 
are patterned then coated with a blanket protective coat- 
ing of a material selected from SiC, Si3N4, Si02 and the 
like. After depositing the protective coating on the sec- 
ond surface, a portion of the mask layer and thermally 
oxidized layer on the first surface is removed in a pre- 
defined pattern thereby defining the ink feed slot posi- 
tions. In order to position the feed slot locations, an in- 
frared (IR) mask aligner is used whereby the patterned 
layers on the second surface of the substrate are used 
for alignment. Once the feed slot positions on the first 
surface have been defined, the silicon substrate is ani- 
sotropically etched from the first surface to the oxidized 
layer on the second surface of the substrate. Any re- 
maining blanket protective coating and oxidized layer on 
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the second surface may then be removed using wet or 
dry etching techniques thereby completing the ink feed 
slots through the substrate. 

A particular advantage of the foregoing methods is 
5 that the feed slot may be etched through the substrate 

in one anisotropic etching step using only one alignment 
step. Since at least one masking and aligning step is 
eliminated when using any of the foregoing methods, 
the yield of usable product is expected to be relatively 

io higher than the yield from techniques requiring multiple 
masking and alignment steps. 

Brief Description of the Drawings 

15 Further objects and advantages of the invention, 
and the manner of their implementation, will become ap- 
parent upon reading the following detailed description 
with reference to the drawings in which like reference 
numerals denote like elements throughout the drawings 
and wherein: 

Figs. 1A-1G are cross-sectional views, not to scale, 
of a portion of the silicon wafer depicting one process 
for producing ink feed slots in a silicon substrate. 

Fig. 2 is a bottom perspective view, not to scale, of 
the first oxidized surface of a silicon substrate illustrating 
the use of thin metal alignment marks for another em- 
bodiment of the invention. 

Fig. 3A is an enlarged schematic plan view, not to 
scale, of a silicon wafer substrate containing a plurality 
of heating element substrates and a predetermined 
number of substrates containing an alignment hole ac- 
cording to another embodiment of the invention. 

Fig. 3B is an enlarged schematic plan view, not to 
scale, of one of the substrates of Fig. 3A containing an 
alignment hole. 

Fig. 3C is an enlarged schematic plan view, not to 
scale, of one of the heating element substrates of Fig. 
3A. 

Figs. 4A-4G are cross-sectional views, not to scale, 
of a portions of the silicon wafer depicting an alternative 
process for producing ink feed slots in a heating element 
substrate. 

Figs. 5A-5E are cross-sectional views, not to scale, 
of a portion of the silicon wafer depicting another alter- 
native process for producing ink feed slots in the heating 
element substrate. 

Detailed Description 

With reference to Fig. 1A, there is illustrated a 
cross-sectional view, not to scale, of a portion of a single 

. crystal silicon wafer substrate 2 having a first (100) crys- 
tallography planar surface 4 and a second (100) crys- 
tallography planar surface 6. Prior to etching the silicon 
substrate to form the ink feed slots, a dielectric layer 10 
is deposited on the second surface 6 and a mask layer 
8 is deposited on the first surface 4 by well known chem- 
ical vapor deposition or oxidation techniques. The mask 
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layer 8 and dielectric layer 10 may be selected from 
Si3N4, Si02, SiC and the like with the preferred materials 
being Si3N4 for the mask layer and Si02 for the dielectric 
layer. The thickness of the mask and dielectric layers is 
about 0.5 to about 5 microns, preferably 1-2 microns. 
While only a mask layer 8 is illustrated in the Figures, it 
will be recognized that the first surface 4 may contain a 
dielectric layer of Si02 below the mask layer 8. 

Subsequent to depositing the mask and dielectric 
layers on the surfaces of the silicon substrate, the sec- 
ond surface is preferably polished so that a standard 
mask aligner may be used to locate the position for the 
patterning the resistive, conductive and insulative ma- 
terials which are deposited on the second surface. The 
standard mask aligner uses a white light for transmis- 
sion of light through the substrate from the first surface 
to the second surface in a technique referred to as "back 
side alignment". 

A photoresist layer 14 is deposited on the first sur- 
face over the mask layer 8. A select portion of the pho- 
toresist layer 14 is patterned then developed to expose 
a portion 16 of the underlying mask layer 8 to be re- 
moved (Fig. 1B). The exposed portion 16 of the mask 
layer may be removed by suitable wet or dry etching 
techniques thereby forming one or more elongate marks 
1B (Fig. 1C) in the mask layer 8, the marks having a 
length of from about 3 to about 5 mm and a width of from 
about 0.5 to about 2 mm. Suitable etching techniques 
for forming the elongate marks 1B include plasma or a 
wet-etch process such as a buffered hydrofluoric acid 
solution. Once the elongate marks have been formed, 
the remaining photoresist material may be removed as 
illustrated in Fig. 1C. Techniques for removal of the pho- 
toresist layer 14 include acids, organic solvents such as 
acetone and chemical combustion in an oxygen glow 
discharge chamber. 

An important feature of the process of the invention 
is the partial anisotropic etch of the silicon substrate 2 
as illustrated in Fig. 1D. In this step, one or more elon- 
gate ink feed slots 20 are anisotropically etched in the 
silicon substrate 2 from the first surface 4 until a portion 
of the substrate between the etched feed slots and the 
dielectric layer 10 remains. The amount of silicon sub- 
strate remaining between the etched feed slots and the 
dielectric layer 10 may range from about 5 microns in 
thickness to about 30 microns in thickness. It is pre- 
ferred, however, that the anisotropic etching process be 
conducted until no more than about 20 microns, most 
preferably about 10 microns of silicon substrate and di- 
electric layer 10 remain as represented by arrows 22. 

The remaining silicon substrate in feed slot 20 be- 
tween arrows 22 provides significant structural integrity 
to the substrate and reinforces the dielectric layer 10 
over the feed slot area so that the dielectric layer 10 re- 
mains substantially intact in subsequent processing 
steps. Accordingly, a higher yield of usable substrate 
may be obtained by use of the foregoing method. 

Any known anisotropic etchant may be used. The 
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preferred anisotropic etchants may be selected from an 
aqueous alkaline solution and an aqueous mixture of 
phenol and amine. Of the aqueous alkaline solutions, a 
potassium hydroxide solution is the most preferred. Oth- 

5 er anisotropic etchants include sodium hydroxide, a mix- 
ture of hydrazine and tet ram ethyl ammonium hydroxide 
and a mixture of pyrocatechol and ethylene diamine. 

Prior to completing the etch of the one or more feed 
slots 20, the device side of the substrate is completed 

10 by depositing and patterning of one or more layers of 
resistive material, conductive material and insulative 
material. Positioning and patterning of the resistive, con- 
ductive and insulative materials is achieved by use of 
the white light from a standard mask aligner which illu- 

is minates the partially etched feed slot 20 so that the edg- 
es of the feed slot can be seen from the device side. 

The resistive material which is patterned to define 
the heating elements 24 may be doped polycrystalline 
silicon, HfB2 or other well known resistive material, the 

20 resistive material having a thickness of about 500 to 
about 2000 A, preferably about 1000 A which may be 
deposited on the dielectric layer 10 on surface 6 of the 
substrate by a suitable thin film deposition technique 
such as chemical vapor deposition (CVD), plasma en- 

25 hanced chemical vapor deposition (PECVD), sputtering 
and the like. 

The conductive material 28 and 30 comprising com- 
mon energizing and return electrodes for the heating el- 
ements may be aluminum leads deposited over the edg- 

30 es of the heating elements 24. For protection and elec- 
trode passivation during the feed slot etching step, one 
or more protective layers 26 may be deposited over the 
heating elements and electrodes. Protective layers 26 
may be selected from SiC, Si3N4, Si02 or phosphorus 

35 doped CVD Si02 or a combination of two or more of the 
foregoing materials so that the total thickness of the pro- 
tective layer is about 0.1 to about 2 microns, preferably 
about 0.5 microns. 

After depositing, locating and patterning the resis- 
40 tive, conductive, insulative and protective materials on 

the second surface, the anisotropic etch of the feed slots 
20 up to the dielectric layer 10 on the second surface 6 
is completed as illustrated in Fig. 1F Finally, the portion 
of the dielectric layer 10 lying over the completed feed 

45 slot 20 is removed as well as any protective layers 26. 
The order for removal of the dielectric layer 10 over the 
feed slot 20 and protective layers 26 on the second sur- 
face is not important to the invention and may be con- 
ducted in any order. 

50 The dielectric layer 10 and protective layers 26 may 
be removed by reactive ion etching (RIE), abrasion, la- 
ser ablation, air blast, water blast or any other well 
known technique. RIE etching may be conducted using 
CF4, CF3CI, C2F5CI, CCI4, SF6, CHF3 or a combination 

$5 of two or more of the foregoing plasma gases. A cross- 
sectional view of a completed feed slot 20 in the silicon 
substrate 2 having device side features adjacent thereto 
is illustrated in Fig. 1G. 
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In an alternative to the foregoing procedure, when 
both surfaces of the silicon substrate are polished, an 
infrared (IR) mask aligner rather than a standard mask 
aligner may be used to position and pattern the device 
side elements. Use of an IR mask aligner allows there 
to be a greater thickness of substrate remaining be- 
tween the partially etched feed slot and the dielectric 
layer 10 on the second surface, thereby providing great- 
er structural integrity to the dielectric layer 10. Thick- 
nesses of up to about 20 microns or more may not impair 
alignment when using an IR mask aligner. 

Regardless of the mask alignment light source 
used, the foregoing embodiment reduces the need for 
alignment holes which are used for aligning the feed 
slots and for positioning the resistive, conductive and 
insulative materials on the device side. Hence, at least 
one alignment, masking and etching step is eliminated 
by the foregoing process in contrast to other well known 
printhead fabrication techniques. 

In yet another alternative to the foregoing proce- 
dure, prior to coating the first surface of a double-side 
polished silicon wafer substrate with the photoresist ma- 
terial 14, intersecting strips of a thin metal 32 selected 
from Al, Ta or other suitable material may be deposited 
on the first mask layer 8 of the silicon wafer substrate 
as illustrated by Fig. 2. The intersecting strips 32 are 
preferably deposited in two or more locations, preferably 
3 or more locations in a cross-hair pattern on the mask 
layer 8 on the first surface of the substrate. 

Next, the resistive, conductive and insulative mate- 
rial is deposited and patterned on the second surface of 
the substrate as illustrated and described above with 
reference to Figs. 1E through 1G. In order to position 
the devices on the second surface, a back side IR mask 
alignment technique is used to locate the devices on the 
second surface in relation the metal strips on the first 
surface. 

Finally, the elongate slots are patterned and etched 
from the first surface to the second surface in a single 
etching step and the feed slot is completed as described 
above. Since the metal strips are on the first side of the 
substrate, there is no need to remove these strips once 
the feed slots are completed. 

In Fig. 3A-3C, another alternative embodiment of 
the invention is illustrated. A fully processed silicon wa- 
fer 34, containing a plurality of alignment hole sections 
36 containing one or more alignment holes 38 and a plu- 
rality of ink-jet printhead structures 40 having an ink feed 
slot 20, adjacent heating elements 24, energizing elec- 
trodes 28, energizing electrode terminals 42, common 
return circuit 30, and common return terminals 44 is il- 
lustrated. 

Now with reference to Figs. 4A-4G, the fabrication 
procedure for the alternative embodiment of Figs. 3A- 
3C of the invention is illustrated. In Fig. 4A, a silicon wa- 
fer substrate having mask layer 8 and dielectric layer 10 
as described above has a photoresist layer 14 deposited 
on the mask layer 8 on the first surface 4 of the sub- 

strate. The photoresist layer has a thickness of about 1 
to about 2 microns. Next, a plurality of alignment holes 
38, preferably at least about three or more, are drilled 
at spatially separate locations in the silicon wafer sub- 

5 strate 34 (Fig. 3A) using a laser beam. The holes are 
preferably drilled around the periphery of the wafer in 
an area of the wafer that is remote from sections which 
may be used in the printheads. 

Any suitable laser beam source may be used to drill 
10 the holes. A preferred laser beam source is a Q- 

Switched YAG laser. Another preferred laser beam 
source is an aligned-optics two beam excimer laser. La- 
sers having sufficient power for drilling holes in the sub- 
strate include models MEL-40 and LMS having 8 to 50 
watts of power which are commercially available from 
Florod of Gardena, California. Lumonics of Camarillo, 
California may also provide suitable lasers for drilling 
the substrate. 

The laser drilled holes 38 preferably have an entry 
46 on the first surface 4 of the silicon substrate of from 
about 5 to about 100 microns, preferably about 50 mi- 
crons and an exit 48 on the second surface 6 of the sil- 
icon substrate 2 having a diameter of from about 5 to 
about 50 microns, preferably about 25 microns. Larger 
or smaller alignment holes may be drilled in the silicon 
substrate, however for ease of alignment, the foregoing 
entry and exit hole sizes are preferred. 

When using a Q-switched YAG laser, the entry hole 
46 will often be larger than the exit hole 48 with a 25 
micron hole being about the smallest hole which may 
be cut using the YAG laser However, the smaller the 
hole the greater the accuracy of alignment which can be 
obtained, provided the hole is large enough to be visible 
to the aligner. 

One or more layers of resistive material 24 may then 
be deposited and patterned on the dielectric layer 10 
using the alignment holes 38 to determine the position 
for depositing and patterning the resistive material 24 
as illustrated in Fig. 4B. As in the previous embodiment, 
the layers of resistive material 24 are used as the heat- 
ing elements for vaporizing an ink component and will 
generally have a thickness of about 1000 A. Resistive 
material which may be used includes doped polycrys- 
talline silicon which may be deposited by chemical vapor 
deposition (CVD) or any other well known resistive ma- 
terial such as HfB2 or TaAI. 

The heating elements 24 are energized by a plural- 
ity of electrodes 28 and 30 formed from one or more 
conductive layers deposited on the dielectric layer 10 in 
contact with the resistive material 24 for conduction of 
electrical pulses to the individual heating elements (Fig. 
4C). Electrodes 28 and 30 may be formed from vapor 
deposited aluminum or sputtered Al/Cu alloy and will 
typically have a thickness of about 5000 A. 

In order to protect the resistive material 24 and elec- 
trodes 28 and 30 during subsequent processing steps, 
it is preferred to deposit a blanket protective coating 26 
over the resistive material 24 and electrodes 28 and 30 
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on the dielectric layer 10. The protective coating may be 
deposited or grown using any of the well known chem- 
ical vapor deposition techniques. Suitable protective 
coatings include Si3N4, Si02, SiC and the like with the 
preferred being Si3N4 and SiC. The total thickness of 
the protective coating is preferably about 5000 A. 

Subsequent to protectively coating the resistive ma- 
terial 24 and electrodes 28 and 30, select portions of the 
photoresist layer 14 are patterned and developed there- 
by exposing a portion 16 of the mask layer B (Fig. 4D). 
The positioning of the photoresist mask used to expose 
the portion 16 of the mask layer 8 is determined by ref- 
erence to the previously drilled alignment holes 38. The 
exposed portion 16 of the mask layer 8 may then be 
etched away using a plasma or wet-etch process such 
as a buffered hydrofluoric acid solution thereby forming 
a plurality of elongate marks 18 in the mask layer 8. After 
forming the elongate marks 18, the photoresist layer 14 
is removed by means of acids, organic solvents such as 
acetone or chemical combustion in an oxygen glow dis- 
charge chamber (Fig. 4E). 

Once the elongate marks 18 are formed in the mask 
layer 8, the silicon substrate 2 is anisotropic etched from 
the planar (100) crystal log raphic surface 4 to form a plu- 
rality of elongate ink feed slots 20 (Fig. 4F). Any known 
anisotropic etchant may be used. The preferred aniso- 
tropic etchants may be selected from an aqueous alka- 
line solution and an aqueous mixture of phenol and 
amine. Of the aqueous alkaline solutions, a potassium 
hydroxide solution is the most preferred. Other aniso- 
tropic etchants include sodium hydroxide, a mixture of 
hydrazine and tetramethyl ammonium hydroxide and a 
mixture of pyrocatechol and ethylene diamine. 

Since processing of the second surface of the sili- 
con substrate is substantially complete prior to the ani- 
sotropic etching step, the etching step may be conduct- 
ed until the feed slot 20 reaches the dielectric layer 10 
on the second surface 6 of the substrate 2. 

In order to complete the fabrication of the printhead 
structure, the protective coating 26 over the resistive, 
conductive and insulative materials is removed by RIE 
etching techniques until the Ta over the resistive mate- 
rial and the Al on the conductive material is exposed. At 
this point, there still remains a thin layer of protective 
material 26 and dielectric layer 10 over the feed slot 20 
which may be removed by abrasion, laser ablation, air 
blast, water blast or any other well known technique. 
The completed elongate feed slot 20 is illustrated in fig- 
ure 4G. 

Using the foregoing methods, at least one of the 
photoresist masking and developing steps is eliminated 
as compared to conventional processing techniques. 
Since each time the photoresist layer is formed, devel- 
oped and the etch masks used, there is an opportunity 
for alignment errors, elimination of at least one of the 
photoresist masking steps should result in a substantial 
increase in yield of useable printhead chips. 

In the embodiment illustrated by Figs. 5A-5E, a dou- 

ble-side polished silicon wafer substrate 2 containing a 
mask layer 8 on a first surface and a thermally oxidized 
dielectric layer 10 on a second surface thereof is coated 
on the second dielectric surface with one or more resis- 

5 tive, conductive and insulative layers which are com- 
pletely patterned then coated with a blanket protective 
coating 50 of a material selected from SiC, Si3N4, Si02 

and the like. After depositing the protective coating 50, 
a photoresist layer 14 is deposited on the mask layer 8 

10 on the first surface (Fig. 5B). The photoresist layer 14 is 
then patterned and developed to expose a portion 16 of 
the mask layer 8 thereby defining the ink feed slot posi- 
tions. In order to position the feed slot locations, an in- 
frared (IR) mask aligner is used whereby the patterned 

is layers of resistive, conductive and insulative materials 
on the second surface are used for location and align- 
ment of the feed slots. 

Once the feed slot positions 16 on the first surface 
have been defined, the silicon substrate is anisotropi- 

20 cally etched from the first surface to the dielectric layer 
10 on the second surface of the substrate thereby form- 
ing feed slots 20. Upon completion of the etching step, 
any remaining blanket protective coating 50 on the sec- 
ond surface may then be removed using wet or dry etch- 

25 ing techniques thereby completing the ink feed slots 
through the substrate 2, and the photoresist layer 14 
may be removed as described above. The feed slots 20 
may then be opened from the first surface to the second 
surface by abrasion, laser ablation, air blast, water blast 

30 or any other well known technique sufficient to remove 
any remaining thin film or layers over the feed slot loca- 
tions as illustrated by Fig. 5E. 

Completion of any or all of the printhead structures 
described in the foregoing processes, including forming 

35 the nozzles structures above the resistive, conductive 
and insulative materials may be conducted using con- 
ventional processing techniques. 

Having thus described various preferred embodi- 
ments of the invention and several of its benefits and 

40 advantages, it will be understood by those of ordinary 
skill that the foregoing description is merely for the pur- 
pose of illustration and that numerous substitutions and 
modifications may be made in the invention without de- 
parting from the scope and spirit of the appended 

45 claims. 

Claims 

so 1. A method for making ink feed slots in a single crystal 
silicon wafer substrate having first and second 
(100) crystallographic surfaces for fluid communi- 
cation between an ink reservoir and one or more ink 
feed channels leading to electrical resistance ele- 

55       ments on an ink-jet printhead comprising: 

oxidizing at least the second surface of the sil- 
icon wafer substrate; 
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coating the first surface of the substrate with a 
mask layer; 
depositing a iayer of photoresist material on the 
mask layer; 
patterning and developing the photoresist layer 
thereby defining one or more ink feed slot loca- 
tions; 
removing the mask layer on the first surface of 
the silicon substrate in a ink feed slot location 
thereby defining one or more ink feed slot po- 
sitions; 
anisotropically etching one or more feed slots 
in the silicon wafer substrate wherein the mask 
layer has been removed with an anisotropic 
etchant from the first surface partially through 
the substrate so that no more than about 30 mi- 
crons of substrate and oxidized layer remains 
between the etched slots and the second oxi- 
dized surface of the substrate; 
depositing and patterning one or more layers of 
resistive material, conductive material and in- 
sulative material on the second oxidized sur- 
face of the substrate; 
coating the one or more layers of resistive, con- 
ductive and insulative materials with a protec- 
tive coating of a passivation material; 
completing the anisotropic etch of the feed slot; 
and 
removing any remaining protective coating and 
oxidized layer over the etched feed slots on the 
second surface of the silicon substrate. 

2. The method of Claim 1 wherein only the second sur- 
face of the substrate is polished. 

3. The method of Claim 2 wherein the partially etched 
feed slots are used for alignment and patterning of 
the resistive, conductive and insulative materials on 
the second surface of the substrate. 

4. The method of Claim 3 wherein a standard mask 
aligner with a white light is used. 

5. The method of Claim 1 wherein the partially etched 
feed slots are used for alignment and patterning of 
the resistive, conductive and insulative materials on 
the second surface of the substrate. 

6. The method of Claim 1 wherein the anisotropic 
etchant is selected from an aqueous alkaline solu- 
tion and an aqueous mixture of a phenol and an 
amine. 

7. The method of Claim 1 wherein the mask layer is 
Si3N4. 

8. The method of Claim 1 further comprising polishing 
the first and second surfaces of the substrate and 

14 

using the partially etched feed slots for alignment 
and patterning of the resistive, conductive and in- 
sulative materials on the second surface of the sub- 
strate by means of an infrared mask aligner. 

5 
9. The method of Claim 1 further comprising, before 

depositing the photoresist material on the mask lay- 
er on the first surface of the substrate, depositing 
intersecting strips of thin metal in a plurality of loca- 

te       tions on the first surface of the substrate to be used 
for back side alignment of the resistive, conductive 
and insulative materials. 

10. The method of Claim 9 wherein the alignment is 
is       conducted using an infrared mask aligner. 

11. A process for forming one or more ink feed slots in 
a single crystal silicon substrate comprising: 

20 thermally oxidizing a first planar surface and a 
second planar surface of the single crystal sili- 
con substrate having (100) crystal!ographic ori- 
entations thereby forming oxidized first and 
second layers; 

25 coating the oxidized first layer with a mask lay- 
er; 
depositing a layer of photoresist material on the 
mask layer; 
exposing an area of the photoresist material to 

30 an ultraviolet light to define a feed slot pattern 
in the photoresist material; 
removing a portion of the mask layer and oxi- 
dized first layer according the defined feed slot 
pattern; 

35 etching the silicon substrate from the first sur- 
face of the substrate with an anisotropic etch- 
ant to partially complete the one or more feed 
slots in the substrate according to the feed slot 
pattern whereby from about 5 to about 10 mi- 

40 crons of substrate and oxidized second layer 
remain between the etched slot and the second 
surface of the substrate; 
depositing one or more layers of resistive ma- 
terial, conductive material and insulative mate- 

45 rial on the second surface of the oxidized sub- 
strate; 
completing the anisotropic etch of the feed slot 
up to the oxidized second layer on the second 
surface of the substrate; and 

so removing any remaining oxidized second layer 
on the second surface of the substrate covering 
the etched feed slot. 

12. The process of Claim 11 wherein the partially 
55       etched feed slots are used to align the layers of re- 

sistive, conductive and insulative materials on the 
second surface of the substrate. 
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13. The process of Claim 11 wherein the anisotropic 
etchant is selected from an aqueous alkaline solu- 
tion and an aqueous mixture of a phenol and an 
amine. 

14. The process of Claim 11 wherein the aqueous alka- 
line solution is aqueous potassium hydroxide. 

15. The process of Claim 11 wherein the remaining ox- 
idized second layer on the second surface is re- 
moved by an air jet blast, laser ablation or a buffered 
hydrofluoric acid solution. 

16. The method of Claim 11 wherein the mask layer is 
Si3N4. 

17. A method for fabricating a topshooter type thermal 
ink-jet printheadfor use in an ink-jet printing device, 
comprising the steps of: 

drilling a plurality of alignment holes through a 
silicon wafer substrate having oxidized layers 
on the first and second surfaces using a laser 
beam, each hole having an entry on a first sur- 
face of the substrate having a diameter of from 
about 5 to about 100 microns and an exit on a 
second surface of the substrate having a diam- 
eter of from about 5 to about 50 microns; 
depositing one or more layers of resistive ma- 
terial, conductive material and insulative mate- 
rial on the oxidized second surface of the sub- 
strate using the alignment holes for aligning 
and patterning the resistive, conductive and in- 
sulative materials; 
passivating the resistive, conductive and insu- 
lative materials on the second surface of the 
substrate with one or more passivation layers; 
coating the passivated surface with a protective 
blanket layer; 
coating the first oxidized surface with a mask 
layer; 
patterning a plurality of elongate marks on the 
oxidized first surface of the substrate using the 
alignment holes to pattern the marks; 
anisotropically etching the substrate according 
to the patterned marks in the first surface there- 
by producing a plurality of elongate slots from 
the first surface to the second surface which 
terminate at the oxidized layer on the second 
surface; 
removing the protective blanket layer and oxi- 
dized layer on the second surface thereby com- 
pleting the elongate feed slots from the first sur- 
face to the second surface of the substrate. 

18. The method of Claim 17 wherein the anisotropic 
etchant is selected from an aqueous alkaline solu- 
tion and an aqueous mixture of a phenol and an 

amine. 

19. The method of Claim 17 wherein the entry on the 
first surface is about 50 microns in diameter. 

5 
20. The method of Claim 17 wherein the exit on the sec- 

ond surface is about 25 microns in diameter. 

21. A method for anisotropically etching feed slots in a 
10       silicon wafer substrate comprising: 

thermally oxidizing at least a second surface of 
the substrate; 
coating the oxidized second surface with one 

is or more resistive, conductive and insulative lay- 
ers; 
patterning the resistive, conductive and insula- 
tive layers; 
depositing a blanket protective coating on the 

20 second surface over the resistive, conductive 
and insulative layers; 
depositing a mask layer on the first surface of 
the substrate; 
removing a portion of the mask layer on the first 
surface in a predefined pattern thereby defining 
one or more ink feed slot positions; and 
anisotropically etching the first surface in the 
feed slot positions to the oxidized second sur- 
face thereby forming one or more ink feed slots. 

22. The method of Claim 21 wherein the silicon wafer 
substrate is double-side polished. 

23. The method of Claim 22 wherein the ink feed slot 
positions are determined using an infrared mask 
aligner. 

24. The method of Claim 21 wherein the anisotropic 
etchant is selected from an aqueous alkaline solu- 
tion and an aqueous mixture of a phenol and an 
amine. 
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